The first comprehensive recommendations for digital echocardiography were published in 2005. 1 They had a huge impact on the entire development of echocardiography and contributed to an early transition from videotape to an all-digital solution. Since then, there have been no recommendations for digital echocardiography, despite the dramatic development of computer technology and echocardiography machines. For example, the typical echocardiographic video frame rate increased from 30 fps to 40-120 fps, network speed increased from 100 Mbps to 1,000 Mbps and more, CD-ROMs disappeared, and so on.
WHERE ARE WE TODAY?
We collected data on the frame rate used in echocardiographic studies along with video compression and frame rate export settings and the parameters of monitors in the 10 largest medical centers in Israel.
In all centers, echocardiographic data are transferred to workstations, where they are analyzed. Depending on zooming, depth of field, and sector width, frame rates may be as high as 120-130 fps. The exported frame rate in most of the echo systems (77%) is set to 30 fps. Consequently, any acquisition frame rate will be reduced to 30 fps at the output of the echocardiography systems. Output compression in the vast majority of echo systems (79%) is set to 80%-96% of JPEG image quality.
Monitors of all echocardiography systems and workstations have a nonadaptive (fixed, not synchronized with the frame rate of video) refresh rate up to 60-75 Hz. In some cases, expensive radiological monitors are used, despite the lower refresh rate and higher response time. All of the above reflects a typical situation in echocardiography.
TRANSFER AND STORAGE OF ECHOCARDIOGRAPHIC DATA: DO WE RETAIN THE QUALITY OF THE ORIGINAL?
When viewing outside the echocardiography system, the quality of the video depends on the exported frame rate and compression. Echocardiographic workstations are designed for scientific research or for clinical use. The original frame rate and raw DICOM are the default export parameters of echocardiography systems for research workstations. In contrast, a reduced frame rate (30 fps) and lossy compression are typical export parameters for clinical workstations. For example, a physician who reviews a stress echocardiographic study at a clinical workstation observes only about half of the echocardiographic information. The same applies to storage: this study can be obtained later from a hospital archive, but with a reduced frame rate.
Although typical JPEG image quality of 80%-96% seems high, it does not guarantee the lack of artifacts after compression (even 100% JPEG quality is lossy). The lossy compression is irreversible and makes future postprocessing like speckle-tracking or big data analysis impossible.
The echocardiography system is the only place where echocardiographic examination can be observed at its original frame rate (depending on the monitor). Indeed, in Europe, often physicians themselves perform echocardiographic examinations, but these studies, once saved, cannot be reintroduced with their original quality.
RADIOLOGY AND ECHOCARDIOGRAPHY WORKSTATIONS: CAN WE COMBINE THEM?
Radiological workstations are well known, with clear requirements. 2 In the era of multimodality imaging, there is a modern trend in the use of radiological workstations for radiography and echocardiography, despite their completely different requirements. Radiological monitors have an extremely high resolution at the price of low refresh rate and high response time. In contrast, echocardiographic videos have a low resolution but a high frame rate. There is a common mistake of investing in expensive radiological monitors (so-called diagnostic monitors) to improve the quality of echocardiographic videos, but the result is the opposite-the video quality is significantly reduced.
WEB-BASED ECHOCARDIOGRAPHY WORKSTATIONS: IS EVERYTHING GOOD WITH THIS?
A new modern tendency is to replace echocardiography workstations with web-based software. The main motivation for software developers to migrate to web technologies is to simplify software development. Currently, web browsers can only play video with lossy codecs and a limited frame rate, which is not suitable for echocardiography. These limitations can be overcome by developing complex software for streaming web video, but that is not what software developers keep in mind when migrating to simpler web technologies. This situation is due to the absence of any standard for displaying echocardiographic videos.
ECHOCARDIOGRAPHY MONITORS: DO WE NEED THEM?
Currently, there are no standards for echocardiography monitors, and as a result, no manufacturer produces special monitors for echocardiography. As long as manufacturers are not sure of the availability of a sufficient market (this means exact requirements) for such monitors, they will not produce them.
With no standard, conventional or radiological monitors are used in echocardiography. They usually have a limited nonadaptive refresh rate of up to 60-75 Hz. This causes two significant problems. The first problem is ''jitter,'' which means that the refresh rate of the monitor is unevenly divided by the frame rate of the video, for example, displaying 45 fps video on a monitor with a refresh rate of 60 Hz. In this case, the frame rate is variable, two consecutive frames are played at 60 fps, the third frame is doubled and played at 30 fps, and so on. This means that instead of the original sequence of the frame duration, 1/45 sec, 1/45 sec, 1/45 sec, we see another inconsistent sequence, 1/60 sec, 1/60 sec, 1/30 sec (1/60 + 1/60 + 1/30 = 1/45 + 1/ 45 + 1/45; Figure 1 ). In summary, monitors with a refresh rate of 60 Hz cannot display without the effect of jitter any video with a frame rate different from 30 or 60 fps; monitors with a refresh rate of 75 Hz cannot display without the effect of jitter any video with a frame rate other than 25 or 75 fps. The frame rate depends on the zooming, depth of field, and sector width; that is why it cannot be accurately set to one of the frame rates supported by the monitor properly. The second problem is the frame drop or tearing-if the frame rate of the video is higher than the refresh rate of the monitor, for example, displaying 120 fps video on a monitor with a refresh rate of 60 Hz. In this case, every second frame is discarded, and the remaining frames are displayed twice as long. This means that instead of the original frame duration, 1/120 sec, 1/120 sec, ., we see longer frame duration, 1/60 sec, 1/60 sec, .
(with half of the dropped frames; Figure 2 ). During arbitrary playback, each time, the cardiac cycle appears randomly with different frames 634 due to the loss of random frames. In rare cases, in addition, when synchronization between the video player and the monitor (VSync) is disabled, video frames are torn.
Currently, monitors that can correctly display echocardiographic video at an arbitrary frame rate (including high frame rates) are modern, based on G-Sync Nvidia or FreeSync AMD technology, 144-165 Hz monitors for gamers. The total cost of such a monitor with a compatible display card is less than 500-1,00 0 USD, which is much lower than the price of a typical diagnostic monitor.
ECHOCARDIOGRAPHY MONITORS: EYE STRAIN
The question of monitors with a nonadaptive refresh rate is important not only in the light of possible diagnostic problems but also because of the potential stress for the eyes. Thirty-six percent of radiologists reported eye strain depending on the length of working time, the number of breaks, and the screen flickering. 3 Cardiologists spend a lot of time near the monitors; therefore eye strain is an important problem, in particular with regard to moving images, with an additional stress factor, motion blur. To minimize the negative impact of motion blur on the eyes, echocardiographic monitors should have an adaptive refresh rate to properly display the video at an arbitrary frame rate.
CONCLUSION
New standards for the display, transmission, and storage of echocardiographic videos are necessary to ensure the highest possible quality of echocardiographic diagnosis. Reply to ''Is It Time to Revise the Guidelines and Recommendations for Digital Echocardiography?''
To the Editor:
I read with interest the letter from Tyomkin et al. 1 in this month's JASE regarding the need for further standardization and development in the world of digital echocardiography. For the most part, I agree wholeheartedly with their points and found several aspects that I had not fully considered beforehand. In reply, I will try to amplify some of their points but also indicate further areas I believe require new thinking.
The digital echocardiography guideline published by the American Society of Echocardiography in 2005 2 was the culmination of an effort that began more than a decade earlier, 3 requiring often monthly meetings in the Washington, DC, area at the headquarters of the National Electrical Manufacturers Association to hammer out the details of the Digital Information and Communications in Medicine (DICOM) standard for ultrasound. This was never meant to be the end of the standards process, and further efforts have resulted, for example, in Supplement 43, a DICOM standard for threedimensional (3D) ultrasound published in 2009, and further enhancements to structured reporting (DICOM-SR), allowing measurements to be transferred from the echocardiography machine to the report.
DEGRADATION OF THE ULTRASOUND IMAGE FROM THE ECHOCARDIOGRAPHY MACHINE TO THE REVIEW MONITOR
Tyomkin et al.
1 point out several ways that echocardiographic data can be degraded between the ultrasound machine and the viewing station. First is the use of motion JPEG image compression that reduces file size 10-to 15-fold. However, an early trial 4 showed no noticeable Dr. Thomas has received honoraria and consulting fees from GE, Abbott, Edwards, and Bay Labs, and his spouse is an employee of Bay Labs.
